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(54) TWe: BISTABLE SPRING CONSTRUCmON FOR A STENT AND OTHER MEDICAL APPARATUS 

(57) Abstract 

Hie present invention is directed to 
bistable cells and their use in devices, par- 
ticularly medical devices such as stents, 
clamps and valves. An expandable stent 
framed of a plurality of bistable cells is 
described. The stent has two or more sta- 
ble configurations, including a first stable 
configuration with a first diameter and a 
second stable configuration with a second, 
larger diameter. A valve comprising a 
bistable cell for use in eliminating inconti- 
nence is also disclosed. 
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BISTABLE SPRING CONSTRUCTION FOR A STENT AND OTHER MEDICAL 

APPARATUS 

5 Baci^gTOimd Of tbe TyivffltiQn 

There aie several kinds of stents on the market with either balloon 
eTqpandable or self oqsanding function. Balloon expandable stents are generally made 
fiom a material ttiat can easily be plastically defoxmed into two diicct^ Befiyre 
insertion, the stent is placed around flic balloon socdon at the distal end of a catheter and 

10 pressed togetbmo reduce the outer dimensions. 

As soon as die stent is brought into the body in the proper axial position it 
can be expanded and diereby plastically dcforoied by pumping up the balloon. In this 
final position, the stent is at its largest diameter and should fimction to sujyport the 
surrounding tissue, preventing an undesired shape change into a much smaller diameter, 

15 at lease locally. 

Therefore, the stem needs to ha\'e sufficient rigidity in the radial difectioUt 
but also some flexibility in iha axial direction when it is in the final position. Fuitiser, the 
amount of material should be as small as possible and in the inner sor&oe of the stem 
should not obstruct tl^ flow through the channel (e.g., for blood) or cause too much 

20 ttirbulencc. 

Problems that generally occur with these stents are as follows: After 
compressing the stent to its smallest diameter around the balloon, the stent will always 
have some elastic spring back to a slightly larger diameter, which can cause problems 
when the catheter is brought into the patient's body. In addition, the axial friction 
25 between balloon and stent can become so small that the stent slips off the catheter. 
Fmther, a larger size stent is typically a disadvantage. 

A further problem is the so called recoil of these stents. This means that 
after expansion by the balloon pressure, the outer diameter will alway s become slighUy 
smaller as soon as the balloon is deflated. This degree of recoil can be as much as 10%, 
30 \^ch can cause migration of the stent. 

A difEerent ^pe of stent is made of a more or less elastically expanding 
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Structure, i;^ch has to be held on the catheter by some external means. An example of 
this type is a stent that is held in its constrained state by a delivcty sheafli, that is removed 
at the moment that tfie stent should deploy to its natuml form. 

Sk)me of these stents are made of shape memory material with eiftcr ^ 
5 supeielastic behavior or temperature sensitive triggezing of the esq^ansion function. 

A disadvantage uf chese sdf-expanding stents is the need for the delivery 
sheath^ causing a larga* ins^on d iamete r . The removal of the sheath also requires a 
* sheath retzstction mechanism, which has to be octivHted at the proximal end« 

Most stents of both types further have the disadvantage of relatively large 
1 0 length change during expansion aiul a poor faydrodynamic behavior because of die shape 
of the metal wires or stmts. 

Another disadvantage of some stents is the positive spring rate» which 
means that further expansion can only be achieved by higher balloon pressure. 

The construction of prior stents is typically made in such a way diat tbt 
1 5 external forces, working on the stent in the radial dir«ction» merely cause bending fortes 
on die stmts or wires of the structure. 

For exan^ple, a unit cell of a Palmaz-Schatztstcni, as produced by Johnson 
& Johnson Interventional Systems or the ACT One Coronary stent, produced by 
Progressive Angioplasty Systems, Inc. has in its coniq>sed condition a flat, rectangular 
20 shape and in its expanded condition a more or less diamond-shaped form with almost 
straight struts (Pabnaz-Schatz) or more curved struts (ACT-One). 

The shape of the unit cell of such stents is typically symmetrical wifli four 
struts each having die same cross section. In addition, the loading of the cell m the axial 
direcdon will tyfMcally cause an elastic or plastic deformation of all of the struts, 
25 resulting in an elongation of the unit cell in the axial direction. These unit cells have a 
positive spring rate. In stents based upon these unit cells the stability against radial 
pressure is meiely dependent on the bending strength of the struts and their connections. 

Summary Of the Invention 
30 In this patent plication a new type of stent Ls described with a imit cell, 

having a negativo spring rate and a bistable function. Such a unit cell can. also be used in 
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Other medical ^plications. This means that it has two configurations in which it is stable 
without the need for an external force to hold it in that shqse. The unit cell is formed 
using at least two difiTerent sections. One section is less pliable than the other one and 
acts a relatively rigid support that hinders the shape change of the more pliable section in 
5 one direction. In the other direction the pliable section can be deformed, but because of 
the opposing force from the rigid section, the stability of the pliable or flexible section is 
strongly increased. 

External forces in a direction perpendicular to the most pliable section are 
distributed to the rigid section and the cross section of the pliable section is merely 

1 0 loaded in compression mode. This makes the construction much stronger than prior 
stents. In prior stents, all struts have generally the same cross section and mechanical 
properties and are merely used in the bending mode. 

The construction of a stent, based upon this unit cell results in an 
apparatus, that can easily be elastically compressed around the balloon by finger pressure. 

1 S Below a certain critical diameter, the present stent snaps further to a 

stable, smallest diameter, thus holding the deflated balloon firmly on to the surface of the 
catheter, with an insertion diameter that is as small as possible. An additional sheath is 
not required, but may be used for extra safety. 

After the stent has been brought into the patient's body at the proper axial 

20 position, the balloon can be inflated until the stent reaches its critical elastic equilibrium 
diameter. Slightly above this diameter the stent automatically expands fiirther to its final 
largest diameter, where it reaches its maximum stability against radial pressure. The 
design enables a constant length large expansion ratio, a reliable expandability and/or a 
small surface ratio. 

25 A further embodunent of this invention is the possibility of a kind of 

stepwise expanding stent with a range of stable diameters. 

Another part of the mvention is a stent with several external diameters 
along its length, to adapt as good as possible to the shape of the body cavity where it is 
placed. 

30 Another part of the invention is the possibility to modify the stress and 

strain pattern in the unit cell by means of a heat treatment in such a way, that the force 
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displacement characteristic of this unit cell becomes asymmetrical or even exhibits a 
monostable instead of a bistable function, either with fte expanded diameter or the 
collapsed diameter being the most stable condition. 

Another embodiment of the invention is the modification of the geometry 
5 of the cross section of some struts to achieve the symmetric or asymmetric bistable or 
monostable force against displacement characteristics of a unit cell. 

Another part of the invention is the use of one or more xmit cells in other 
medical applications such as, for example, an expander or a clip, either to spread a body 
cavity open or to clamp or hold a body part or some body tissue. 
10 The invention is also directed to the use of the inventive stents in 

conjunction with inventive expander rings to join together two vessels. 

The invention is also directed to a bistable valve having a snap-action 
bipositiomd unit cell and uses for the same, in particular, to prevent incontinence. 

The invention is also directed to multistable cells and their use in medical 

IS devices. 



Description of the Construction. 

The construction of the present stent includes a series of elements with an 

arrangement of unit cells that enable the stability in a special way. Each unit cell exists 
20 out of at least two distinct, mechanically connected sections with different mechanical 

behaviors. One section acts as a relatively rigid support for the more flexible 

counteracting section. The more flexible section is responsible for most, if not all, of the 

expansion of the stent There are several ways to manufacture a stent based upon this 

principle and it can be made from several materials, like polymers, composites, 
25 conventional metals or shape memory alloys with superelastic behavior or with 

temperature sensitive behavior. 

It can be made from an arrangement of wire or strip, welded together at 

specific places. Another possibility is metal deposition m the desired pattern onto a 

substrate or the use of sintering of prealloyed powder. 
30 A further method is making the stent from a tubular shaped starting 

material, with a pattern of slits or slots made in the wall by means of etching, grinding. 
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cutting (e.g., with a laser, water, etc.), spark erosion or any other suitable method. The 
pattern can also be made in a flat plate and then welded, brazed or crimped to a more or 
less cylindrical shape or a cylindrical mid section with two conical ends with larger 
diameters. 

5 

Brief Description of the Drawings 

Fig. 1 shows the principle of a bistable mechanism; 

Fig. 2 shows the force-displacement characteristic of the mechanism of 

Fig-1; 

1 0 Fig. 3 shows another bistable mechanism with an asymmetric bistability ; 

Fig. 4 shows the force-displacement characteristic of the mechanism of 

Fig. 3; 

Fig. 5a shows an inventive tubular stent in the stable, fully coUs^sed 

configuration; 

1 5 Fig. 5b shows an inventive tubular stent in the stable fully expanded 

configuration; 

Fig. 6 shows a part of a stent with one bistable unit cell, drawn in die 
stable expanded shape; 

Fig. 7 shows the part of the stent of Fig. 6 near its elastic bistable 
20 equilibrium position; 

Fig. 8 shows the part of the stent of Figs. 6 and 7 in its stable collapsed 

shape; and 

Fig. 9 shows a larger section of the stent of Figs. 6 and 8, showing some 
unit cells in the coll^sed shape and some unit cells in the expanded shape. 
25 Fig. 10 shows an inventive stent formed of a plurality of smaller inventive 

stents joined together with flexible connectors. 

Fig. 1 1 shows a partially expanded inventive stent having more than one 
type of bistable unit cell; 

Fig. 12 shows an inventive stent having a range of diameters along its 

30 length; 

Fig. 1 3 shows an inventive expansion ring in expanded state; 
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Fig. 14 shows the esepansion ring of Fig. 13 in contracted state; 

Fig. 1 5 shows an inventive stent joining two vessels together and fiutfaer 
secuicd widi inventive e?q>ansion rings» the stent exterior to the vessels; 

Fig. 16 shows a cn>s$*sectional view of Fig. 15 along section Ime 16-16; 
S Fig. 17 shows an invoitive stent joining two vessels together, the stent 

interior to the vessds; 

Fig* 1 8 shows two vessels Joined together with an inventive expansion 
ling and a damp 

Fig. 19 shows a bistable valve in the closed position; 
10 Fig. 20 shows the bistable valva of Fig. 19 in die open position; 

Fig. 21a shows a multistabie cell in the fully contracted state; 

Fig. 21b shows the muMstable cell of Fig. 21ainihe fully expanded state; 

Fig* 22a shows another multistabie cell in the fully contracted state; 

Fig. 22b shows the multistabie cell of Fig. 22a in the fiiUy expanded state; 
]5 Fig. 23 shows several unit cells as shown in Figs. 21a.b Joined togedier 

and in the fully expanded state; 

Fig. 24a shows several unit cells as shown in Figs. 22a,b joined together 
and in ^e contracted state; 

Fig. 24b shows the interconnected cells of Rg. 24a in fully expanded 

20 state; 

Fig. 24c shows the interconnected units cells of Fig. 24a in the process of 
expanding; and 

Fig. 24d shows several strips of interconnected cells as in Figs. 24a,b 
joined togeth^ and in the process of e3q;>anding. 

25 

petailed DefCTipt iftp of tlie Drawinigs 

Fig. 1 shows the principle on which the stent is based, Fig. la shows a rod 
1 with a length L, which is compressed in its axJal direction unit; it reaches its buckling 
stress. Then the central part of the rod will bend out in a sidewards direction, either to 
30 position 2 or 3 (dashed lines in Fig. lb). When the axial displacement L of the aids of 
the rod is held stable by external clamps 4, it is possible to move the ccnUal section of 
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the rodtowera the two ^ble positions 2 and 3. This movement is in a direction X, 
peipendicolar to the original length axis A*A of the tod. Ail positions between the stable 
positions 2 and 3 are unstable. In Fig. lb the central part ofdie rod has to rotate over an 
angle P before the tod can be moved in direction X. Fig* IC shows a second order 

S curvature init>d I, whiehoccurs when the rotation over angle p is opposed by clamping 
the central part of rod 1 and tpaintaining tfiis part parallel to the axis A^A. 

Fig* 2 shows the force F as a fimcdon of displaccmoit X, with X 
displayed in the borizonal direction. The rod is moved from the upper 2 to the lower 3 
stable position of Fig. 1. Hie force increases r^idly from zero to F»»x. At diat moment 

10 the onset of either the first or second order curvature of Fig. lb and Ic is re a c h e d . Further 
displacemcni in direction X costs less force, because this spring system has a negative 
spring rate. The force even becomes zero in the mid position and further movement 
occurs automatically. It can be seen in Fig, 2 that the system is completely symmetrical 
end ^ force needed to move back from the lower to the upper positioo has the same 

IS chanicterisdc. 

Fig. 3 shows rod 5, whidi will have an as>Tnmcnrical force displacement 
characteristic, because it aheady has a preset curvature, even m the unloaded position, 
where the length is abeady L-AL. This can be achieved by prior plastic deformation^ heat 
treatment or the use of an asymmetrical geometry of the cross section of the rod (not 
20 shown). The rod 5 in Fig. 3 can be mnunted between two clamps on a length L - and 
if it is elasticaDy deformed in the same way as the rod in FLgs lb and Ic, it will have a 
(Afferent stress distribution in the cross section in end position 2 and 3» compared to the 
Tpd of Fig. I. This means that the rod has become a prefocnt unloaded stable position, 
shown in Fig. 3. 

25 Fig, 4 ahows the asymmetrical force-displacement characterisdc of die 

precurved rod of Fig. 3. The initial diq)lacemcnt fiom the stable upper position needs a 
starting force Fl and if die rod is in its stable lower position the starting force in the 
opposite direction is only F2y being smaller than Fl. Force F2 can be made as small as 
dc^rcdL evcn zero or negative, but needs to have a positive \'aluc if stability of the lower 

30 potidon is required. 

Figs. Sa and 5b show die general appearance of an inventive tububi stent 
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in fully contracted and fiilly expanded configuration respectively. The stent, in its fiilly 
contracted state shown generally at SO and in its fully expanded state shown generally at 
60, is comprised of a plurality of interconnected bistable unit cells (shown in the 
expanded state at 64 in Fig. 5b). The bistable unit cells are formed from a first relatively 
5 rigid segment 52 (66 in Fig. 5b) and a second relatively flexible segment 54 (68 in Fig. 
5b), joined together at ends 70 and 72. Second relatively flexible segments 68 are 
interconnected with adjacent relatively rigid members 66. Adjacent cells in the 
longitudinal sense (the longitudinal axis is denoted by reference numeral 75) are joined at 
ends 70 and 72. By applying a uniform radially outward or inward force, the stent may 
10 be switched directly firom a fully contracted to a fiilly expanded configuration or vice 
versa. 

Fig. 6 (corresponding to inset 6 in Figure 5b) shows a small part of a stent 
such as that shown in Figs .5 which uses the bistable function of a unit cell, according to 
the present invention. The drawing shows a horizontal line A-A, which is parallel to the 

IS central axis of the stent There are two series of sinusoidal segments with distinct size 
(see also Fig. 9 for an overview). The segments 7 and 9 have a relatively large cross 
section. Only segment 9 is shown entirely. The segments 9 and 10 have a relatively 
smaller cross section, and here only segment 8 is entirely shown. The segments are 
interconnected for example welded, at joints 11 and 12. 

20 Because of the difference between the cross section of segment 8 and 9. 

the deformation force of segment 8 is much lower than for segment 9. Therefore, 
segment 9 can be considered as a relatively rigid clamp, like the clamps 4 in Fig. lb 
opposing relative displacement between the joints 12 in the axial direction, parallel to 
axis A-A. In contrast, segment 8 acts as a flexible rod, like rod 1, described in Fig. 1 or 

25 rod 5, described in Fig. 3. This combination of segments 7 and 8 or 9 and 10 defines a 
unit cell, acting as a bistable spring system with a force-displacement curve F*X like the 
described curves of Fig 2 and 4, depending on the unloaded condition and geometry of 
the segments. Alternatively, instead of using segments or struts of difierent diameter, the 
segments can have the same diameters (i.e., cross sectional area) and exhibit different 

30 strengths or rigidity and still accomplish the same effect. One way to obtain such 

differences in strength or rigidity would be to use different materials for the segments. 
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Another way would be to use the same material, like a metal^ for all the segments but 
sdectzvely strengthen (e.g^ by heal tzeaiiii8)lho^ It 
should be noted that heat treatment will not strengthen all materials. Nitinol, for example 
beeomes more pliable as a result of teat treatment This property of Nitinol can be 

S exploited, however, to render one seetion of Nitinol more pliable relative to a second, 
non-heat-treated section of NitinoL 

Fig. 7 shows the same part of the stent (as dqpicted in Fig. 6) near lbs 
elastic equilibrium position. Segment 8 has been defonned into the dtrecdou X, caused 
by force F» but segment 9 has ahnost its original diapc, because of its larg» rigidity. 

1 0 Fig. 8 shows Hie same unit cell of the stent of Figs. 6-7 after it has been 

pressed trough the elastic equilibrium position. It automatically sn^s into its stable 
position of Fig. 8. This snapping foice can be strong enough to hold a deflated balloon 
tight on the calhetar shaft (not shown), dependii^ on the mechanical characteristics (eg., 
the sciei^)oflheinaterial(s) used to make the segments. With the geometry shown in 

15 these figures, the sq^ents 8 and 9 fit close togedier. taking up a mininmm amotmt of 
spacG vibcfi the stent is in its smallest stable diameter. 

Fig. 9 shows a sectioio of the stent of Figs. S, flattened £br illustrative 
purposes, showing several flexible segments in the collapsed stable sha^je (segments 14, 
18 and 20) and one segment element 16 in the expanded stable shape. Segments 13, 15, 

20 17, and 19 are leladvely rigid segments and substantially mainmin dieir original sh^ 
The distance between two relatively rigid segments is shown as (h) in the coll^scd 
stable shape and (H) in the expanded stable shape. The value of the displacement (H-h) 
in the dnection X depends on the height of an e}g>anded unit cell or amplitude of the 
segments and the size of the connecting joints. 'Ihe described part of the scent is shown 

25 as a flat surfece, but it may be dear that a cylindrical stent sudi as that shown in Figs- 5 
is diaped if segments 13 and 20 are directly connected to reach other with joints 21. In 
other words, the stent is shown separated along the joints 21 and in a flattened condition. 

The range of stable diameters of the stent changes with the value (H-hyr, 
each time that a flexible segment sn^s from the collapsed stable position to the 

30 expanded stable position. The result is a stent with an extremely rigid surface at all 

diameters being able to withstand the extttoal forces better than with conventional stents. 
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In the length direction, the flexibility of the stent can be increased by disconnecting 
several unit cells firom their neighbor unit cells, for example, by cutting the center of one 
or more joints while maintaining the several joint pieces as joints. 

Another method to increase flexibility is to change the geometry of 
5 several sections of the unit cells in the length direction from the relative flexible to the 
relative rigid shape several times along the total length of the stent In other words, 
referring to Fig. 9 one or more or each of the segments 13-20 could be constructed with 
larger and smaller diameter (or otherwise flexible and rigid) sections which alternate 
after each joint 21. 

1 0 Anottier possibility, as shown in Figure 10 is the use of a series of short 

multistable stents 100 aligned lengthwise end to end and connected with flexibility joints 
1 04 having the same or a different geometry or configuration as the joints forming 
individual unit cells. 

The scope of the invention should include all types of material. One of 

IS the most interesting materials is superelastic Nitinol, because of its large elastic strain, 
well defined stress values, caused by their plateau stresses and the possibility to define 
the desired curvature into the metal by means of a heat treatment. A stent of Nitinol can 
be made by forming slits or slots in a tube, while in its collapsed or smaller stable 
diameter. The slotted tube is then expanded by a separate shaping tool and heat treated 

20 on this tool to define the expanded stable diameter as the unstrained shape. 

In a more general sense, the present invention is directed to a device 
having a plurality of stable configurations. The device is comprised of a pliuality of 
interconnected multistable cells. The cells include one or more relatively rigid sections 
and one or more relatively flexible sections interconnected so as to define a cell structure 

25 in the form of a multistable spring system having a plurality of stable configurations. In 
a preferred embodiment, the cells comprise a first arcuate member having first and 
second ends and a second arcuate member having first and second ends, the first end of 
the first member in communication with the first end of the second member, and the 
second end of the first member in communication with the second end of the second 

30 member. It should be noted, however that members need not be rigorously arcuate. 

Other shaped members, including relatively straight members are contemplated as well. 
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The invmtion, in particular, contemplates bistaUe cells, (hat is cells 
having two stable configurations. In one such cell die distance betwe» contsponding 
points on the first and second seed ons is larger in the first stable state of tte cell than m 
(he secondstable state of the cell. The cells 'bemselves are constructed and arranged so 
S ttiat the device itselfis at least bistable and possibly muhisiable. One soch device, a 
cylindrical stent having two or more conliguraKions with an initial diameter size and a 
final larger diameter size has been described above. Ho>vever, multistable stents are also 
contemplated. Thus, for example, a stent inay be constructed in which the cells are 
designed and arranged to pmvide a range of diam^m in 5tq>-wisefashi(x^ Qnesuch 

10 way tiiis may be accomplished would be to employ several &ffamt types of cells in the 
stent, each type of cell having a dlfiterent spring constant so ihat depending on the 
amount offeree used, the stent would assume a diiferent diameter. Suchastmtina 
partially e?q>anded state is shown schematically in Fig. 11. A partially expanded stem is 
shown gently at 120. The stent is comprised of relatively rigid segments 123, 127, 

IS 131 and 135 wMdi substantially mdntain their original shape, and relatively fl^^ 
segments 125, 129, and 133. The segments are interconnected, with joints 122. As 
depicted, first flexible elements 1 2S» and 133 are in an expanded configuration while 
second flexible dement 129 is in a coim:Daed configuration. By applying a ladlally 
outward or tangential force, flexible element 129 may be flipped to its fiilly expanded 

20 configuration resulting in a stent (not shown) with a larger diameter. As shown in Fig. 
I h cells 138 are larger than cells 1 36 even in the contracted state. First flexible elements 
125 and 133 are characterized by a different degree of flexibility than second flexible 
clement 129. 

Another form of stent, as shown generally at 150 in schematic Fig. I2» has 
25 an first diameter at a first end 1 52, a second diameter at a second end 154andone(or 
more) intermediate diameten in a region 156 between HrM end 152 and second end 154, 
the intermediate diameter UifTering from the first and second diameters. The 
interconnected cells in such a stent, as shown generally at 150 in Fig. 12 may all have the 
same force constant and hence be openable all at once with the application of the 
30 necessary force or there may be several different types of cells, each with thek own force 
constant. In order to achieve the multiplicity of diameters, cdls of diffenng sizes may be. 
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used. In one embodiment of this type of stent, the first and second diameters are the 
same while in another embodiment, the first and second diameters differ. 

The present invention is also directed to a method of implanting an 
expandable stent having a plurality of stable configurations. The method comprises the 
5 steps of applying the stent to an expanding means on a catheter, delivering the stent to a 
desired bodily location, expanding the expanding means so as to expand the stent firom a 
first stable configuration to a desired second stable configuration, the second stable 
configuration having a larger diameter than the first stable configuration, and deploying 
the expanded stent at the desired bodily location. The expanding means may be a 

1 0 balloon, a mechanical device on or in the catheter, a heat source where the cells can be 
induced to change states by heating or any other suitable expanding means. The stent 
may be applied to the balloon in the first stable configuration or may be applied in the 
second stable (expanded) configuration during the applying step. In the latter case 
radially inward pressure may be q)plied to the stent so as to urge the stent into the first 

1 5 stable configuration to snap it onto the catheter. Where the stent has additional stable 
states, the stent may be applied to the balloon in an intermediate stable state in vdiich the 
diameter of the stent is intermediate between the diameter in the first state and the 
diameter in the second state. Again, the stent may be locked on the expanding means by 
fiirther applying a radially inward pressure. 

20 A fiirther object of the invention is the use of a single bistable unit cell as 

an expander (expansion ring), that can be brought into a narrow place and then triggered 
to snap back into its expanded stable shape. As shown in Fig. 13 an e}q>ansion ring 
shown generally in its expanded state at 250 consists of a first rigid member 254 having 
first 258 and second 262 ends and a second more flexible member 266 having first 270 

25 and second 274 ends. First end 258 of first member 254 is connected to first end 270 of 
second member 266 and second end 262 of first member 254 is connected to second end 
274 of second member 266. Fig. 14 depicts the expansion ring of Fig. 13 in its 
contracted state. Second member 266 is seen to be in a second stable position. 

Another object of the invention is the use of a single bistable loop (unit 

30 cell) as a clip, that can be used to clamp on an artery, fallopian tube or any other body 
part, to close or hold it for some time. For such a clip it may be desirable to define the 
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collapsed stable shape as the unstrained shape, because the collapsed stable shape has to 
be the most stable one. In the collapsed state, the clip would resemble the colts^ised 
expansionringof Fig. 14. A triggering means would be used in conjunction with the 
clamp to switch the bistable loop fiom one state to another. The triggering means may be 
5 pnwanatic, hydranlic^ meehonical^ thermal or electromechanical means. Examples of 
such triggoing means include a human hand applying force to the bistable loop, and the 
application of heat to the loop. Odier triggering means indude pulling on the device, 
pushing on the device, bending tfie rigid section of the device or releasing a restraint 
holding the flexible member in place. 

1.0 Another part of the presem invention involves constructions berwaen one 

or more ring*shapcd dements acconling to the present invention, combined with a 
tubular sleeve thai is tettnforced or held open with such elements. An exan^le is a so- 
called grah stent made of a polymer witfi one or more expansion rings. The esjmmon 
rings may consist offheabove-desoibedbi-atable cells. The sur&ce of the stent 

15 comprises a skin moimted on the esqiaiision rings. In mounting^ skin, the skin may 
surround, be in or between the expansion rings. The skin may be human or animal skin, 
a polymeric material or any other suitable bio-compatible material. Such a stent may 
comprise one or more expansion rings, such as a first expansion ring at a first end of the 
Stent and a second expansion ring at a second end of the stent llie stent may be of 

20 constant diameter along its length or may have a first diameter at the first end and a 
second diameter at the second end. 

The present invention is also directed to a stent having an xmcxpandcd 
configuration and an expanded configuration, and comprising a plurali^ of generally 
longitudinal, wave-like first members characterized by a first wavelength, and having 

25 peaks and troughs and a plinality of generally longitudinal wave-like second members 
characterized by a second wavclengdi, and having peaks and troughs. The wavelengths 
of the first and second longitudinal monbers are substantially equaL 'itic second 
members arc csq^able of stably assuming two positions^ a first position corresponding to 
the unexpanded configuration in yAddi the first and second members are in phase mi a 

30 second position corresponding to the expanded configuration, m v^ch the first and 
second members are 180^ out of phase. The fkst members are more rigid dian the 
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second members* The first and second longjtudind monbm axe disposed 
ofdie stem $udi that the longinjdinalfixst and second niembersal latiie 
unexpanded state, each peak of each first member is conoocled to one adjacent peak of a 
second member in a region of attadunent and each trough of each first member is 
S attached to one adjacent trough of a second member in a region of attachment, as can be 
seen from Fig. 9. Hie regions of attachment are separated abng the longitudinal 
(firection by one wavelength. The so described stent can be smqppedfiom the 
uniBcpanded configuration to the ponded configuration fay applying a radially outward 
force and similarly can be snapped fiom the expanded to the unexpanded configuration 

10 by ^[vlymg a radially inward fbrce. While such stents may be nsedmtcnial to a bodily 
vessel) it may also be used external to vessels to join two vessels together. 

The invention also contemplates a method of joining together two vessels 
comprising the steps of delivering an inventive stent in an unexpanded configuration in a 
first stable state to a bodily site, expandmg the stent to a second stable state, the cUameter 

IS of^e stent in tiie second stable state exceeding that of the vessels to be joined and 
placing the stentovcrtbe vessels to be joined. The stent may (hen be contracted to a 
third stable state, the stent in the third stable state having a diameter intermediate 
between the diameters of the stmt in the unej^pandcd state and in the second stable state. 
The stent may further be secured to the vessel with the aid of one or more of the above* 

20 described expansion rings (a bistable loop). One or more expansion rings, such as that 
depicted in Figs. 13 and 14 or small clamping stents (such as tiiat formed fiom the strip 
shown in Fig. 23) may be delivered to each side of the stent m a contracted state and 
deployed so as to clamp the vessels between the ring(s). Multiple rings may be used for 
additional clamping. As shown generally at 300 in Fig. 15» a first vessel 304 and a 

25 second vessel 30S are joined together widi inventive stent 312. Vessel 304 overiiq^ stent 
312 in a fiirst ov^lop region 316 while vessel 308 overls^ stent 312 in a second overlap 
region 320. Vessel 304 is clamped between expansion ring 324 (shown in the expanded 
state) and stent 312 \^ilc vessel 308 is clamped between expansion ring 328 (shown in 
the unexpanded state for illustrative purposes only) and stent 312. the dotted lines 

30 associated with e7q>ansion ring 328 illustrate expansion ring 328 in its cxpmdtd state. It 
should be additionaOy noted that Fig. 15 provides a cm-away view of vessels showhig 
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the rings contained therein. Fig. 16 shows a cross-sectional view of Fig. IS along section 
line 16-16. Vessel 304 is shown sandwiched between stent 312 and expansion ring 324. 

In another embodiment, as shown in Fig. 17, a first vessel 404 and a 
second vessel 408 are joined together by a stent 412. First end 416 of stent 412 rests in 
5 vessel 404 while second end 420 of stent 412 rests within vessel 408. Optional clamps 
(such as a small portion of a collapsible inventive stent shown later in strip form in Fig. 
23) 424 and 428 residing on the outside of vessels 404 and 408 clamp the stent to the 
vessel. Additional clamps may be used as needed. 

In another embodiment, a combination of the embodiments of Figs IS and 

10 1 7, the first end of the stent may protrude torn one of the vessels and the second end of 
the stent may extend over the second vessel. Again, clamps and expansion rings may be 
used to fiirther secure the stent to the vessels. 

In another embodiment, as shown in Fig. 1 8, vessel 4S4 and vessel 4S8 
are held together by an e3q)ansion ring 462 internal to the vessel and a clamp 466, 

IS consisting of, for example, a small section of collapsible stent, the stent chosen so that 
the diameter of the stent in a collapsed state affords a snug fit with vessels 454 and 458 
and expansion ring 462. Either the expansion ring or the clamp, but not both, may be 
replaced by a suitable support such as a rigid collar. 

The invention also contemplates a method of joining together two vessels 

20 comprising the steps of delivering an inventive stent in an unexpanded configuration in a 
first stable state to a bodily site, placing two bodily vessels over the stent and expanding 
the stent to a second stable state, the diameter of the stent in the second stable state 
exceeding that of the vessels to be joined. The diameter of the stent in the second stable 
state is preferably chosen so that the vessels fit snugly over the stent The delivery of the 

25 stent may be accomplished by delivering the stent in an unexpanded configuration 

through a bodily vessel and subsequently expanding the stent to rest snugly in the vessels 
to be joined (where a portion of the stent resides m a vessel), or by expanding the stent 
to its most expanded state, placing the stent over the vessel and then contracting the stent 
to an intermediate state over the vessel. The collars and expansion rings mentioned 

30 above may similarly be delivered. Alternatively, the stent, collars and expansion rings 
may be delivered by surgically exposing the vessel in question. 
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7lie{Hesent invention is also directed to a bislab^ Thevalve^as 
shoAvn graerally al 600 In Fig. 1 9 includes a sni4>-action bipo^tional unit cdl shown 
generally at 604 located within a conduit 606. Snap-action bipositional unit cell 604 
consists of a (substantially arcuate) flexible member 608 ha\qng a first end 612 and a 
S second end 616. First end 612 is in communication widi a triggering means 620 which is 
supported, in lum by a support means 624 emerging from the inner sur&ce of conduit 
606. Second end 61 6 of flexible member 608 is anchored to stop surface 628 which 
extends aoctts conduit 606. Si^ipon means 624 and stop sur&cc 628 must be 
sufficiently rigid to bold flexible member 608 in place and must be more rigid than 

to flexible member 608. Stop surface 628 extends substantially obliquely across cooJuii 
606 m oblique legioi^ 630 and has a openii^ 632 within in longitudinal region 634 to 
allow the flow therethrough of a fluid. Although opening 632 is oriented along the 
longitudinal axis 636 of conduit 606, those of ordinary skill in the art wQl recognize 
other possible orientations oftfaeq>eiung and stop surfice. Valve closure member 640, 

1 S acuiated between open and closed positions by flexible member 608, is constructed and 
arranged so as to block the flow of fluid through opening 632 when flexible member 608 
is in the closed positioiL When flexible member 608 is in the open position, as depicted 
in Fig. 20 valve closure member 640 no longer obstructs openmg 632« thereby allowing 
the flow of fluid therdfarough. 

20 While triggering means 620 may be any suitable mechanical, hydraulic, 

pneumatic, or themial based trigger known in the art at present or in the future, in a 
preferred embodiment^ triggering means 620 is a piezoelectric element In opexmion, if 
the pie^lement shown in Fig. 19 at 620 is not activated, \'alve closure member 640 is 
closed. Activation of piezoclement 620, as showr^ in Fig. 20 causes a small shortening in 

25 the longitudiimi lengdi (denoted by Y in Fig. I S) ofpiezoelement 620 vduch in turn 
releases flexible member 608 from its first position. With member 608 released, valve 
.closure member 640 is flee to open under the pressure transmitted from the fhiid. 
Member 608 assmnes a second, inverted, position, as depicted in Fig, 20. While the fluid 
pressure maintains member 608 in its second position, even in the ahitence of any fluid. 

30 member 608 r^nains in its second position, as dq>icted in Fig. 20 if the niggerixig is 
tixmed off and piezoetemcnt 620 assumes its original length. Valve closure member 640 
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may be closed again, in the absence of fluid, by a subsequent triggering of piezoelement 
620 allowing member 608 to transition to its second (closed) position v^ch is the 
preferred position of member 608. Member 608 has been treated to receive a preferred 
position as shown in Fig. 3. 
5 The valve depicted in Figs. 1 9 and 20 may be applied to medical and.non- 

medical devices. It is, in particular, an aim of the present invention to apply the inventive 
bistable valve to the control of urinary incontinence. In a patient with incontinence, the 
above described valve may be implanted in the urethra using any suitable means 
including the use of the above-described expansion rings to clamp the valve to the 

1 0 urethra. Although the valve in the default state is closed, the valve may be triggered 

when the bladder is full, to void the bladder. Upon voiding the bladder, the valve may be 
triggered again to close it. Another such application is to employ the inventive valve in 
conjunction with a shunt. The shunt may be activated by triggering the device and 
similarly may be closed by triggering the device. 

15 Of course the valve may be used in other medical and non-medical 

applications as well. 

In addition to the bistable unit cells disclosed above, bistable unit cells 
and more generally, multistable unit cells of other shapes are also contemplated by the 
present invention. Figs. 21a and 21b are schematic representations of another 

20 embodiment of an inventive hinged multistable cell in its contracted and expanded states, 
respectively. The contracted cell, shown generally at 700, and the expanded cell, shown 
generally at 70S, consist of four intercoimected relatively rigid members. Two side 
members 709 are connected to opposite ends of top member 713 via hinges 715. Side 
members 709 are connected at their opposite ends to opposite ends of bottom monber 

25 717 via hinges 719. Preferably, the hinges are elastic or phistically deformable. The 
hinges may be fixedly attached to the side, top and bottom members or may be integral 
with these members. In the latter case, the hinges may be formed by removing material 
from the cell in the region of the hinges so that the hinges are thinner or have a different 
geometry fit>m the side, top and bottom members. In the process of transitioning from 

30 the expanded to the collapsed state, bottom member 717 opens slightiy. The cell of Figs. 
21a,b also has two additional intermediate states in which one or the other (but not both) 
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of side members 709 and top member 713 are collapsed downward. 

A hexagonal hinged multistable unit cell is shown schematically in Fig. 
22a in the collapsed state and in Fig. 22b in the expanded state. The cell, shown 
generally at 750, consists of top member 754 and bottom member 758, and upper side 
5 members 762. Two upper side members 762 are connected to opposite ends of top 

member 754 via hinges 756. Upper side members 762 are connected to bottom member 
758 via hinges 768. Bottom member 758 is shaped like a 'LP with the two uprights of the 
*U modified to lie at oblique angles with respect to the bottom part of the U*. As with 
the previously discussed inventive cells, hinges 756 and 768 may be elastic or plastically 

1 0 deformable and may be fixedly attached to the members or integral with the members. 
The hexagonal unit cell exhibits multiple stable states. In addition to the fully expanded 
and fully contracted states shown in Figs. 22a and 22b, the hexagonal cell can also 
achieve two intermediate stable configurations in which only one of the two upper side 
members 762 is collsqised inward along with top member 754. 

1 5 The above described hinged multistable cells may be used in any of the 

above discussed applications e.g. to form stents, clamps, clips, expander rings, bistable 
valves. 

In one such q)plication a ring or stent is formed of the hinged cells of 
Figs. 21a and 21b, As shown in Fig. 23, a series of unit cells of the type depicted in Figs. 

20 21 are joined together so that the top member of a cell forms a portion of the bottom 

member of an adjoining cell. As depicted, top member 814 of cell 810 forms a portion of 
bottom element 818 of cell 820. Similarly, top member 824 of cell 828 forms a portion 
of bottom element 832 of cell 836. Although the ring or stent in Fig. 23 has been cut for 
illustrative purposes, the two ends 840 and 844 are normally joined together with a 

25 portion of lower member 848 of ceil 852 serving as an upper member for cell 856. The 
ring so formed has a range of stable stable states including a fully expanded state and a 
fully contracted state. Where the individual cells are made identically, only the fully 
expanded states may be accessed by the application of a uniform radially outward force 
to the stent in the fully contracted state. It may serve as a clamp or collar, an expansion 

30 ring or a stent. Larger stents may be formed by intercormecting a plurality of such rings. 

Similar products may also be formed from other multistable units cells. 
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Ftgs« 24a and 24b ittuslxate one such possibili^ scheanatxcally in wfaidi hexagonal unit 
cells such as those shown in Figs. 22a, b may be joined together to fonnaring; The top 
member 884 of each cell 880 is joined with a the bottom portion 886 or modified TJ* 
shaped bottom member 890. Although shomi in strip fozm in Figs. 24a and 24b, end 894 
3 can be joined to end 898 to form a ring. Thestripof Fig. 24a is shoira in fldly expanded 
state in Fig. 24b. Adjacent cells 880 aie seen in fheire^qunded state. Forfhesakcof 
ccnnpleteness, the hinges axe designated 902. Fig. 24c shows one cell 920 in the process 
ofesqianding and one already oqpandcd cell 924. The cells 920 and 924 are joined ai 
bottom member 928 and top member 932. Hinges are shown at 936. Multiple strips may 

10 also be joined together so as to form a stent ixiiose length is a multiple of the length of 
the unit cell. In such a case, upper side members of adjacent cells would be joined 
together. This is illustrated in Fig* 24d which, like Fig. 24c sdiows cdls 940 m the 
expanded state and cdlsSI44 in the process of expanding. Upper side membm 948 are 
shown by dashed lines. Adjacem strips ofintercorineaedceUs 932 arejoined together by 

1 S vfpet side membeis 948 as well as by oblique regions 956 of bottom members 960. 

It should be noted Aat the inventive devices of the present application 
may be used on a temporary basis or on a permanent basis in the body. Thus,for 
example, permanent stents and danqps are coniemplated» as are removable stents and 
clamps. 

20 It should further be noted that in expanding some of the inventive 

multistable cells, there may be compon^ts of expansion/contraction in a direction 
perpmdicular to the duection of the force applied to expand the cells. 

Hnally, for the purposes of this application, the term "multistable* is 
intended to include 1>i5table'. 

25 In the described dmwings and text only some examples of di^erent 

embodiments have been given. While the stents of the present invention can nppostt 
similar to prior stents, the mechanical results ore completely different due to the special 
combination of a rigid section and amore flexible section in the same unit cell. Of 
course there are^ beside the illustrated sinusoidal shape many other possible basic shapes 

30 for the unit cclls» with similar characteristic behavior. 

From the above disclosure of the general principles of iix present 
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compiehend the various modificatioiis to which the present invention is susceptible. It is 
intended for the coverage of the present application to include different geometries, 
different constructions and different combinations of one or more materials to obtain the 
same basic mechanical behavior as exhibited by the above described examples. 
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What is claimed is: 

1 . A medical device costaining at least oae unit cell, exist] ng fiom at least two 
different s^mats^ one segment being relatively flesdble and the other s^ment being 
relatively rigid, mechanically connected in such a >vay» that the more rigid segment 

S hinders the deformation of 'die more flexible »^ment in one main dixection, resulting in a 
structure that can be deformed into the other main directton, about perppnftinilar to ibe 
first main direction^ between a first more or less stable coUiqpsed shape and a second 
more or less st^le «panded shape. 

2. A unit ceil as claimed in claim I , having a symmetrical load-diq>lacement 
10 cbaracteris^c around the equilibrium center position. 

3. A unit cell as claimed in claim 1 » having an asymmetrical load-displacement 
characteristic around tte equilibrium position, with the expanded shape being the most 
stable one. 

4. A unit cell as claimed in claim 1 > having an asymmetrical load-displacement 

1 S charactnistic around the equilibrium position^ with the collapsed shspc being the most 
stable one. 

5. A unit cell as claimed in claims 1 to 4, where the different characteristics are 
mainly determined by differences in geometry of said flexible and rigid segments. 

6. A unit cell as claimed in claims 3 lo 5, where Uie difierent characteristics are only 
20 or also determined by differences in the unstrained shape of the segments, by prior plastic 

deformation and/or final heat treatment and/or by the use of difference material for the 
distinct segments* 

7. A unit cell as claimed in claims 1, 2, 4, a{id 6» usedas a clip to damp or hold a 
body part or several body parts. 

25 S. A imit cell as claimed in claims 1 > 2, 3, 5, and 6» used as an expander to spread a 
body cavity open or hold several body parts apart 

9. A structure made from an arrangement of unit cells as claimed in claims 1 to 6, in 
such a way that seen along the most deformable direction of the unit cell, each or most of 
the flexible segments of the unit cells are connected to the rigid segments of the adjacent 
30 unit cell by means of joints, located at or near the point of maximum deflection of each 
flexible segmoit 

ISA/EP 
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10. A stent, made fiom a structure as daimed in claim 9» by coimectiog ^lecific 
segments of difieteot unit cell% thus erecting a hollow, coll^ble and expandable body, 
with different stable diameters, depending on dm amount and location o f unit cells that 
arc in their stable expanded ^bapc. 
S 11. Eadi ofthepioducts as daimed in claims 1 to 10, at least locally made fiom a 
plastic defonnable matmal or an elastical deibmiable roatoiaL 

12. Each of die products as claimed in dairos 1 to II, made fix>m apolymer, ametal, a 
composite, a shape memory material v^th siq^erelastic behavior, a sh^ memory 
material iTvith temperature sensitive bt^havior or a combination of two or more of these 

10 TTOiteriah. 

13. Each of the products as daimed in claims 1 to 12, \vhere an increased flexibility 
within a unit cell is obtained by locally changing the geometry of the most flexible 
section along its length. 

14. Products as claimed in daim 13, where the increased flexibility is caused by 
IS elastic hhiges. 

1 5. Products as claimed in daun 13, where Ae increased flexibiliqr is caused by 
plastic hinges. 

1 6. A stent as clauned in daims 10 to 1 S, where the flexibility between 

. adjacent unit cells in tangential and/or axial direction is increased by separating d^ese unit 
20 cells by plastic or clasdc dcformablc hinges. 

17. i\ stent as claimed in claims 1 0 to 16^ where the flexibility between adjacent unit 
cells in tangential and/or axial direction is increased by separating these unit cells 

. completely from each other. 

18. A stent as claimed in claims 16 and 17, where a scries of short stents with bistable 
25 unit cdls are connected in axial direciion by flexible joints with different geometry. 

.19. A stent as claimed in claims 10 to 18, where a number of bistable unit cells is 
combined with unit cells with a different characteristic. 

20. A stent as claimed in clwm 1 9, where the cells witli different characteristic are 
balloon expandable, self-expanding or temperature sensitive. 
30 21 . One or more stents as claimed in claims 10 to 20, used in combination widi a graft 
stent 
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22. A stent as claimed in claim 21»^Kdim the bistable st^ 

stmt against a second stem thai ar least partly swrounds the graft stent and the bistable 
stent 

23. A stent as claimed in claims 10 to 22, that is made removable b^ 
S back to its smallest stable diameter befoie removal, 

24. A stent as claimed in ckums 1 0 to 23» that contains not only unit cells that expand 
in tangentiat direction, but also in diffeitnt directions. 

25 . A stent as claimed in claims 1 0 to 24, that does not only have a cylindrical 
section; Init also tapered sections. 

10 26« A stent as claimed in dsdms 10 to 25, where at least some tmit cells have an 
asymeurical load-displacemeat/diaracteristic with a collapsed shq>c that it not stable. 
27. A medical device using a unit cell as claimed in claims I to 9, where the 
triggering to move from the collapsed shape to the e:q>anded shape or vice versa is 
caused by pneumatic^ hydraulic, mechanical or electromechanical means. 

IS 28« A steiU as daizned in claiiiis 10 to 26, where the triggering to move from the 
collsqised sbiq>e to the expanded shqpe or vice versa is caused by pneumatic^ hydraulic, 
mechanical or electromechanical noieans. 

29, A medical device as chiimcd in claims 1 to 28, whcic ti)C unit cril is made of an 
arrangement of relatively rigid sections, connected by plastic or elastic deformable joints. 
20 30. A medical device having a plurality of stable configurations^ the device 

comprised of a plurality of imciconnected cells, each cell having a cell smicturc^ the cells 
including a relatively rigid section and a relatively flexible section interconnected so as to 
define the cell structure in the form of a multistablc spring system having a plurality of 
stable configurations. 

25 31. The medical device of claim 30 wherein the cell structure is bistable having two 
stable configurations, 

32. The medical device of claim 3 1 wherein the cells are constractcd and arranged so 
that the device may be switched between two stable configurations by applying a uniform 
radially directed force. 
30 33 . The medical device of claim 3 1 as a tubular stent having two or more 
configurations including an une3q>anded configuration and a jiiUy apaxtded 
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coiifiguratioxi» the cKajneter of the stent ia die flilty expanded cozxfiguimion exceediiig the 
diameter of the stem in the imexpanded configuratioxL 

34. The medical device of claim 30 wheiein the cells axe designed and arranged to 
provide a range of diameters in step-vnx fashion. 
S 35. The medical device ofclaim 34 as a tubular stent having an inidald^ 

fim endt u final diameter at a second end and at least one intcnncdiate diameter between 
the first and second ends, the intcnncdiate diameter difTering from the initial and final 
diameters. 

36. The medical device of claim 35 wbernn the mitial and final diameters are die 
10 same. 

37. A tubular stent having a sui&ce, the stent comprising a plurali^ of cells having a 
phnatity of stable states, the cells on the surface of the stent, the cells having at least a 
first stable state and a second stable state, the cells in the second state encompassing a 

. larger area than the cell in the first siau:, the cells charactexiKd by a negodve !^>riiig 
15 coristazit, the cdlsconstnicted and arranged so that the stem is characterized by a 
phnality of stable sates. 

38* The stent of daim 37 whexem the ceils are bistable having fifst and sectmd stable 
$hq>es. 

39* The stent of daim 3 8 wherein the cells arc arranged and disposed such that the 
20 stent has at least two stable states, including a first stable state in wliich the stent is 
characteiized by a first diameter and a second stable state in which the stent is 
characterized by a second diameter, the second diameter larger than the first diameter. 
40. Tlie stent of claim 3 8 further having a third stable state, the third sta^ 
having a third diameter dififcrcnt fipm the first and second diametm. 
25 41. Thestentof claim 38 wherein the cdls are fi>rmed from at least two difTereni 
segments: 

a first segment which acts as a reladvely rigid support for the ceU, and 
a second segment which is more pliable than the first segment, the second 
segment capable of existing in two distinct states, a first contracted state corresponding to 
30 the first stable state of the cell and a second expanded state corresponding to the second 
stable state of the celU the first and second segments fixedly connected one to the other. 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WOM/32412 PCTA}598/D13iO 

25 

42. The stent of claim 41 wherein the ceils are constructed and arranged so that the 
stent has two stable states, a contracted state having a first diameter and an expanded 
state having a second diameter larger than the first diameter. 

43. The stent of claim 41 wherein the first and second segments are formed of the 
5 same material, the first segment having a first cross*sectional area and the second 

segment having a second cross-sectional area in excess of the first cross-sectional area. 

44. The stent of claim 41 wherein the first and second segments are made of different 
materials, the material of the first segment being more rigid than the material of the 
second segment 

10 4S. The stent of claim 41 wherein the first and second segments are made of the same 
material, the first segments being strengthened by heat treating so as to increase the 
rigidity of the first segments. 

46. The stent of claim 41 having a uniform diameter and having three or more stable 
states, the diameter of the stent differing in each stable state. 
1 S 47. The stent of claim 41 constructed and arranged to have three or more stable 
states, the stent having different diameters in some of the stable states, the stent 
comprised of a plurality of bistable cells of two or more types, the cell types requiring 
differing amounts of force to expand. 

48. A method of implanting an expandable stent having a plurality of stable 
20 configurations comprising the steps of: 

1 ) applying the stent to a balloon mounted on a catheter; 

2) delivering the stent to a desired bodily location; 

3) inflating the balloon so as to expand the stent from a first stable configuration 
to a desired second stable configuration, the second stable configuration exhibiting a 

25 larger diameter than the first stable configuration; and 

4) deploying the expanded stent at the desired bodily location. 

49. The method of claim 48 wherein die stent is applied to the balloon in the second 
stable configuration during the applying step and further comprising the step of: 

applying radially pressure inward on the stent so as to urge the stent into the first 
30 stable configuration. 

50. The method of claim 48 wherein the stent is applied to the balloon in a third 
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stable state during the applying step, the diameter of the stent in the third stable state 
intermediate between the diameter in the first state and the diameter in the second state 
and further comprising the step of: 

applying radially pressure inward on the stent so as to urge the stent into the first 
S stable configuration. 

SI. An expandable stent having an initial condition and an expanded condition, the 
stent having a plurality of diameters along its lei^ m the expanded condition, the stent 
comprised of a plurality of cells having a plurality of stable states, the cells encompassing 
different areas in the difierent states. 
10 52. An expandable device comprising one or more multistable loops, the loop having 
at least a first state and a second state, the loop encompassing a first area in the first state 
and a second area in the second state, wherein the device is expanded by applying a force 
thereto. 

53. The device of claim S2 comprising a first arcuate member having first and second 
IS ends and a second arcuate member having first and second ends, 

the first end of the first member in communication with the first end of the second 
member, and 

the second end of the first member in commimication with the second end of the 
second member, 

20 herein the second member is more pliable than the first, the second member 

capable of assuming a first stable position and a second stable position. 

54. A clamp for securing a bodily member selected fiom the group consisting of body 
tissue, body organs, body lumens and body vessels comprising the device of claun 1 and 
further comprising a triggering means for triggering the device to alter fiom one state to 

25 the other. 

55. A tubular graft stent comprising one or more expansion rings, each expansion 
ring capable of assuming first and second stable configurations, 

the expansion rings formed of a first member and a second member, the second 
member more pliable than the first member, and having a first and a second stable 
30 position, the first stable position corresponding to the first stable configuration and the 
second stable position corresponding to the second stable configuration, the ring 
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encompassing a greater area in the second stable configuration than in the first stable 
configurationt 

the stent having a surface, the surface comprising a skin mounted on the 
csqsansion rings. 

5 56. ThestentofclaimS5wheitinthe5ldnissdectedfiomthegn>upofmater^ 
consisting of polymeric materials, human skin, animal skin, human tissue and animal 
tissue. 

57. Ihe stent ofdaim 56 having two ecpansion rings, a first e3q>ansionrii^ 
end of the stem and a second expansion ring at a second aid of the stent 
10 58. The stem ofelaim 57 having a first diameter at the first end aid a second 
diameter at the second end. 

59. A stent having an unexpanded configuration and an eiq^anded configuration, 
the stent having a surfiice, 
die stent cotxqptistng: 

15 a piuraii^ of generally bngitudinal, wve-like first members characterized by a 

first velength, and ha vmg peaks and troughs; and 

a plurality of generally longitudmal wave-like second members chamcterized by a 
second Mfavelengcb, and having peaks and irnughH, 

die second v/avclengdi substantially equal to the first wavelength, the second 
20 members capable of stably assumisg two poidtioiis, 

a first position corre^nding to the unexpanded configuration in which the first 
and second members are in phase and 

a second position correspOTxdiiig to the c^cpanded configiiradon^ in which the first 
and second members are ISO'' cm of phase» the first members more rigid than the second 
25 members, 

the first and second longitudinal members disposed on the surface of die stent, the 
longitudinal first and second member alternating, 

each peak of each first member attached to one adjacent peak of a second member 
in a region of attachment. 
30 each trough of each first member attached to one adjacent trough of a second 

member in a region of attachm ent. 
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the regions of attachment separated by one wavelength, 
>^ereby the stent can be snapped from the unexpanded configuration to the expanded 
configuration by applying a radially outward or tangential force thereto and the stent can 
be snapped fit>m the expanded to the unexpanded configuration by applying a radial 
S inward or tangential force thereto. 

60. A method of joining together two bodily vessels comprising the steps of: 

delivering the stent of claim 40 in a first stable state corresponding to an 
unexpanded configuration to a bodily site; 

expanding the stent to a second stable state, the diameter of the stent exceeding 
10 the diameter of the vessels; 

placing the stent over the vessels to be joined; and 

contracting the stent to a third stable state, the diameter of the stent in the third 
stable stent intermediate between the diameter of the stent in the first and second stable 
states, whareby the stent rests snugly upon the vessels. 
IS 61. The method of claim 60, the stent having a first end a second end, fiirther 
comprising the steps of: 

positioning one or more devices as in claim 52 in the form of an expander ring 
inside the vessels and underneath a portion of the stent; and 

expanding the one or more devices so as to clamp the vessel between the device 
20 and the stent 

62. A method of joining together two bodily vessels comprising the steps of: 
delivering the stent of claim 39 in a first stable state corresponding to an 

unexpanded configuration to a bodily site; 

placing each of the bodily vessels over at least a portion of the stent, the diameter 
25 of the vessels exceeding the diameter of the stent in the first stable state; and ; 

^pandmg the stent to a second stable state, the diameter of the stent in the 
second stable state chosen so that the vessels fit snugly over the stent 

63. The method of claim 62 further comprising the steps of: 

positioning one or more collars around the vessels and over a portion of the stent 
30 so as to clamp the vessel in place in between the stent and the collar. 

64. A method of joining together a first and a second vessel, the first vessel having an 
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end and the second vessel having an end, comprising the steps of: 

placing a rigid support collar over the end of the second vessel; 

placing at least a portion of the first vessel in at least a portion of the second 

vessel; 

5 positioning an expansion device as in claim 52 in the form of an e3q)ansion ring 

interior to the first and second vessels; and 

expanding the expansion ring so as to clamp the vessels togeth^. 

65. A stent as in claim 37 wherein the cells are expandable finom the first to the 
second stable state, the expansion having a tangential component and an axial 

10 component 

66. A bistable valve for opening and closing a tubular device comprising: 

1 ) a conduit, the conduit having an interior, an inner wall and an outer wall; 

2) a stop surface extending across the interior of the conduit, the stop sur&ce 
having an opening within; 

15 3) a snap-action bipositional unit cell, the unit cell including 

a flexible member, the flexible member substantially arcuate, the flexible 
member having a first end and a second end, 

the first end in communication with a triggering means, 
the triggering means supported by a support means 
20 emanating horn the inner wall of the conduit, 

the second end anchored to the stop surface, 
the bipositional unit cell constructed and arranged so that the flexible 
member may assume a first position coiresponding to a closed position and a 
second position corresponding to an open position; 
25 4) a valve closure member actuated between open and closed position by the 

flexible member, the valve closure member constructed and arranged so as to completely 
close the opening in the stop surface when the flexible member is in the closed position, 
the valve closure member fiirther constructed and arranged so that the opening is open 
when the flexible member is in the opened position, 
30 whereby the conduit may be opened by triggering the triggering means so as to 

allow the flexible member to move between the closed position and the opened position. 
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and 

the condmt may be closed by triggering the triggering means so as to allow the 
flexible member to move between the oi:>ened state and the close state. 

67. The bistable valve of claim 66 wherein the triggering means is a 

5 piezoelectric element, the piezoelectric element serving as a restraining means for 

restraining the flexible member, the piezoelectric element triggering the flexible member 
to flip by undergoing a small decrease in length iqx)n introducing a small current thereto, 
thereby releasing the flexible memb^. 

68. The bistable valve of claim 66 wherein the support means is a rigid 
10 member relative to the flexible member. 

69. The bistable valve of claun 66 wherein the stop surface has two oblique 
regions, the obUque regions being oblique relative to the longitudinal axis of the tube, 
with a longitudinal region therebetween, the opening disposed in the longitudinal region. 

70. A medical device for use in the human body comprising the bistable valve 
IS of claim 66. 

71 . A medical device for use in controlling urinary incontinence, the device 
comprising the bistable valve of claim 66. 

72. A method of controlling urinary incontinence comprising the steps of: 
1) inserting a medical device as in claim 71 into a portion of a urethra; and 

20 2) optionally clamping the medical device in place by applying a clamp as 

described in claim 54 to the outside of the urethra; 

wherein urine may be voided by triggering the valve so as to switch it &om the 
closed to the opened position, the valve being triggered so as to close following 
urination. 

25 73. A medical device including at least one multistable unit cell, the multistable unit 
cell formed from at least four relatively rigid segments, each relatively rigid segment 
having a first end and a second end, each first end connected to a second end of an 
adjacent segment by a plastically or elastically deformable hinge and each second end 
connected to a furst end by a plastically or elastically deformable hinge so as to formed a 

30 closed cell, whereby the multistable unit cell can be switched between a first stable fully 
collapsed shape and a second stable fidly expanded sh^. 
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74. A medical device as in claim 73 in the form of a stent comprising a plurality of 
multistable units cells having four relatively rigid segments, the stent having at least two 
stable configurations including a first fully collapsed configuration having a first area and 
a second fiilly expanded configuration having a second area larger than the first area. 
S 75. A medical device as in claim 74 in the form of a stent wherein the multistable 
unit cell has: 

a top segment; 

a bottom segment, the bottom segment including a portion that is substantially 
parallel to the top segment, the parallel segment having first and second ends, and two 
1 0 oblique portions that are disposed at oblique angles relative to the parallel portion, each 
oblique portion situated at an end of the parallel portion; 

a first segment connecting the bottom and top segments 
and a second segment connecting the bottom and top segments, the first and 
second segments of substantially equal length, the cell symmetric about an axis that 
1 5 bisects the top and bottom segments. 

76. A medical device as in claim 75 in the form of a stent wherein the multistable 
unit cell assumes a hexagonal shape in its expanded state. 

77. A medical device as in claim 74 in the form of a stent wherein the multistable 
unit cell has: 

20 a curved top segment; 

a bottom segment, the bottom segment substantially parallel to the top segment, 
a first segment connecting the bottom and top segmmts 
and a second segment connecting the bottom and top segments, the first and 
second segments of substantially equal length, the cell symmetric about an axis that 

25 bisects the top and bottom segments. 
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Fig. 17 
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